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Summary
Objective: The purpose of this study was to evaluate the reliability of inter-and intra-observer assessments of the mechanical alignment of the
lower extremities with digitally computed radiographs of an anterior-posterior view of the whole leg using a new computer-assisted method.
Method: Load bearing axis deviation of the lower extremities was quantitatively measured by three examiners in 105 knees of 73 subjects who
had osteoarthritis of the knee with a KellgreneLawrence grade of 1 or more. A line representing the load bearing axis was drawn from the
center of the femoral head to the center of the ankle and the alignment of the leg was assessed by measuring the width of the proximal tibia
and the perpendicular distance from the middle of the proximal tibial condyle to the load bearing axis (Fujiﬁlm OP-A). A ratio of the values was
calculated and expressed as a percentage.
Results: The inter-observer mean difference was 2.9 % (SD, 2.7), and the intra-observer mean difference was 2.1% (SD, 2.2). The mean intra-
class correlation coefﬁcient (ICC) for inter-observer trials was 0.96; that for intra-observer trials was 0.99.
Conclusion: Our computer-assisted method was reproducible, and should be considered an alternative method for the measurement of the
alignment of the whole leg.
ª 2008 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.
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Assessment of the load bearing axis of the lower limbs is
very important for the evaluation and treatment of lower
limb deformities in osteoarthritis (OA) and rheumatoid arthri-
tis1. The relative risk of progression of OA of the knee has
been calculated based on the load bearing axis of the leg
as measured by whole-leg radiography2e4. Accurate preop-
erative planning for high tibial osteotomy (HTO) and total
knee arthroplasty (TKA) are critical to obtain excellent post-
operative long-term results5e7.
Digital images enabling easy measurement of radio-
graphs, precise calculations using special software pack-
ages, and reductions of radiation doses, are rapidly
replacing ﬁlm radiography methods8. While plain radio-
graphs of full-leg views using a conventional ﬁlm screen
system are cumbersome to measure because of the length
of the whole leg, digital images on a monitor eliminate the
need for storage space for radiographic ﬁlm and allow
for the easy and immediate calculation of numerous
measurements9,10.
There are several methods for determining the alignment
of the lower extremities (Fig. 1)10,11. The mechanical axis
angle has been deﬁned as the angle formed between the
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586the tibia10,12e14. The hip-knee-ankle (HKA) angle is deﬁned
as the angle formed by the intercept of the femoral mechan-
ical axis and the tibial mechanical axis (Fig. 1 left)4,14e16.
The image in the center of Fig. 1 shows the perpendicular
distance (mm) from the load bearing axis to the center of
the knee. (Fig. 1 middle)10.
The deviation of the load bearing axis (%) is calculated by
measuring the distance from the medial edge of the proxi-
mal tibia to the point where the load bearing axis intersects
the proximal tibia (A) and dividing the measurement by the
entire width of the tibia (B) (Fig. 1 right)11.
There are numerous reports demonstrating several
kinds of load bearing axis measurements using digitized
images4,10,13,14,17. Although expressing the value of the
load bearing axis as percentages is advantageous because
values for different physiques can be standardized, it is difﬁ-
cult to produce a meaningful expression of the values using
the methods presently available for measurement and quan-
titative evaluation. The value of the load bearing axis depends
on the distance between themedial and lateral borders of the
knee, and the length of the lower limbs.When the loadbearing
axis of the lower extremity passes through the center of the
knee, the value simply becomes 0 %.
We developed an improved computer-assisted method
for precise and easy measurement of the load bearing
axis of the lower extremities based on the load bearing
axis in the knee. Our method takes into account both the
distance between the medial and lateral borders of the
knee and the length of the lower extremities.
The purpose of this study was to evaluate the reproduc-
ibility of measurements of the load bearing axis deviation
Load Bearing Axis of the lower extremity
A
B
Hip-Knee-Ankle (HKA)
angle
Fig. 1. Methods of evaluating the alignment of the whole lower extremity. Left: Two lines are drawn from the center of the femoral head to the
center of the distal femur and from the center of the distal femur to the center of the ankle mortise. The mechanical axis (degrees varus) is
measured at the intersection of these lines. Middle: The load bearing axis deviation of the lower limb is the perpendicular distance from the
weight-bearing line (hip-to-ankle line) and the center of the knee. Right: The weight-bearing ratio is calculated by measuring the distance from
the medial edge of the proximal tibia to the point where the weight-bearing line intersects the proximal tibia (B), and dividing the measurement
by the entire width of the tibia (A). A percentage is calculated by multiplying this ratio by 100%11.
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graphs of the frontal view of the whole leg.Subjects
We studied 105 knees of 73 outpatients with gonarthrosis
who visited our orthopaedic clinic. The mean age of the pa-
tients was 70.9 years (range 52e84 years). The severity of
the OA was graded using the Kellgren-Lawrence (K-L)
scale18. The mean tibio-femoral angle (TFA) was 177.7
for Grade I, 182.2 for Grade II, 185.6 for Grade III, and
190.6 for Grade IV.Methods
Anterior-posterior radiographs of the whole-lower extremity were obtained
with the patient in the double-limb standing position, and the digitized images
were stored in a PC. Fujiﬁlm OP-A software (Fujiﬁlm, Co Ltd, Tokyo, Japan)
was used to magnify the images at 400% on a computer screen. The follow-
ing ﬁve anatomical points were manually identiﬁed, (1) the center of the fem-
oral head, (2) the middle of the distal tibial plafond, (3) the medial border of
the proximal tibia, (4) the lateral border of the proximal tibia, and (5) the
intersection of the line connecting (3) and (4) and the load bearing axis of
the lower extremity (Fig. 2). The proximal plateau line is the line connecting
(3), the medial border of the proximal tibia on the joint surface, and (4), the
lateral border of the proximal tibia on the joint surface. When we plotted
(3), the medial border of the proximal tibia on the joint surface, and (4), the
lateral border of the proximal tibia on the joint surface, the midpoint of (3)
and (4) was shown on the computer screen. Therefore, the mid-tibial point
was the midpoint of the tibial plateau on the joint surface. From these mea-
surements, the width of the proximal tibia (A) and the distance from the mid-
point of the proximal tibia to the load bearing axis of the lower extremity (B)
were calculated automatically (Fig. 3).Using this system, the load bearing axis of the lower extremity was mea-
sured by three orthopedists (raters A, B and C) and was expressed as a per-
centage using the formula and explicit diagrams in Fig. 3. The value was
negative when the load bearing axis passed medially to the midpoint of
the proximal tibia, and was positive when the axis passed laterally to the
midpoint of the proximal tibia. When the load bearing axis of the lower
extremity passed through the midpoint of the proximal tibia, the measured
value was 0%, which is thought to be optimal in postoperative TKA.
In order to determine the TFA6,19,20, we measured the anatomical axis of
the femur that passes through the center of the shaft at two points. We
selected the points of 10 cm above the joint and 15 cm above the joint for
the determination of the femoral axis. After selection of the four points, the
femoral axis was displayed on the monitor. Similarly, we selected the points
of 10 cm below the joint and 15 cm below the joint for the tibial axis. After the
selection of the eight points was completed, the size of the angle was
automatically displayed to one decimal place21.
We measured the hip-knee-ankle (HKA) angle, deﬁned as the angle
between the mechanical axes of the femur and tibia. The mechanical axis
of the femur is designated as a line from the center of the femoral head
running distally to the mid-condylar point between the cruciate ligaments.
In the case of the tibia, the mechanical axis is the line from the center of
the tibial plateau extending distally to the center of the tibial plafond4,14,22,23.
To examine the reproducibility of this technique, three observers were
chosen: A (Y.I), an orthopedic surgeon with 5 years of experience; B
(H.T), an orthopedic surgeon with 10 years of experience; and C (T.T.), an
orthopedic surgeon with 22 years of experience. Independent measurements
obtained by each of the three raters for each patient (raters A, B and C), and
two independent measurements (A1 and A2) obtained by a single rater for
each patient were compared using Spearman’s rank correlation.Results
The mean measured values for the load bearing axis
were23.64%, 34.42%, 52.31%, and 67.44% for
Grade I, Grade II, Grade III, and Grade IV knees, respec-
tively. The TFA and the measured values for the load
Fig. 4. (A): Correlation between the TFA and the load bearing axis
deviation of the lower extremity measurements (expressed in %)
obtained by rater A. The ﬁrst set of measurements obtained by A
was used (A1). (B): Correlation between the HKA and the load
bearing axis deviation of the lower extremity measurements
(expressed in %) obtained by rater A. The ﬁrst set of measurements
obtained by A was used (A1).
Fig. 2. The measurement method (using Fuji Film OP-A software)
was based on ﬁve anatomical points: (1) the center of the femoral
head; (2) the middle of the distal tibial plafond; (3) the medial border
of the proximal tibia; (4) the lateral border of the proximal tibia; and
(5) the intersection of the line connection (3) and (4), and the load
bearing axis of the lower extremity.
588 Y. Iseki et al.: Assessment of the mechanical axisbearing axis were highly correlated, with a correlation coef-
ﬁcient of 0.875 (Fig. 4A). The HKA and the values for the
load bearing axis were also highly correlated with a correla-
tion coefﬁcient of 0.896 (Fig. 4B).
The mean difference between the independent measure-
ments obtained by the three raters for each patient was
2.88%, with a standard deviation of 2.74 (Table I). The
mean difference between the two independent measure-
ments obtained by a single rater (A) for each patient was
2.11%, with a standard deviation of 2.19.The distance from the midpoint of the proxim
to the load bearing axis of lower extremity (B)
The width of the proximal tibia (A)
Fig. 3. Method for calculating the load bearing axis of the lower extremi
mechanical axis of the lower extremity (B) is divWhen measurements obtained by any two of the three
raters were compared (i.e., A1 vs B, A1 vs C, B vs C),
they were found to be highly correlated, with correlation
coefﬁcients ranging from 0.94 to 0.99 (Fig. 5). For repeatedX 100 (%)
al tibia
B
A
ty (%). The distance from the midpoint of the proximal tibia to the
ided by the width of the proximal tibia (A).
Table I
Mean inter-rater and intra-rater variability of measured load bearing
axis deviation
Mean Difference Standard deviation 95% CI%
A1 and B 3.00 2.66 2.51w3.56
A1 and C 2.86 3.20 2.31w3.62
B and C 2.79 2.36 2.38w3.33
Average 2.88 2.74
A1 and A2 2.11 2.19 1.73w2.59
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observer correlation coefﬁcient was 0.99, also indicating
a high correlation (Fig. 6).
Regarding the inter-observer correlation coefﬁcients for
the measurements of the load bearing axis deviation in mil-
limeters, A1 vs B was 0.98, A1 vs C was 0.95, B vs C was
0.94, and the intra-observer correlation coefﬁcient for the
LBA deviation measured in millimeters (A1 vs A2) was 0.99.Discussion
Treatments such as replacement arthroplasty and HTO
for gonoarthritis and rheumatoid arthritis should achieve
good alignment of the lower extremities. Takahashi
et al.21 measured the TFA by manually identifying eight an-
atomical points on a radiograph presented on a computer
screen. In that study, the mean inter-rater intraclass correla-
tion coefﬁcient (ICC) was 0.97, with a mean error of 0.38,
and the mean intra-rater ICC was 0.973 with a mean error of
0.16. Although all measurements were highly correlated,
when there is curvature of the femur or tibia in the frontal
plane, this method is not adequate for evaluating the load
bearing axis of the lower extremities. Moreover, it has theFig. 5. Correlations between the load bearing axis deviation of the lower
(A, B, and C) for the same patients (disadvantage that error can be caused by edge enhance-
ment on the computer screen24.
Many methods for determining and quantitatively evaluat-
ing the load bearing axis of the lower extremities exist, but
they are fairly complex19,25,26,27. There are three kinds of ra-
diographs of thewhole leg: single-limb (>90%weight-bearing
on the affected leg), double-limb standing (approximately
50% weight-bearing per leg), and supine. In our study, radio-
graphs of the lower extremities were taken in the double-limb
standing position with the anterior-posterior view.
There are several kinds of approaches used in assessing
whole-lower-extremity alignment, as shown in Fig. 1. In one
method, the HKA is deﬁned as the angle between the me-
chanical axes of the femur (the line from the center of the
femoral head running distally to the mid-condylar point be-
tween the cruciate ligaments) and the tibia (the line from
the center of the tibial plateau extending distally to the cen-
ter of the tibial plafond)4,14,22,23. (Fig. 1, left). This is a com-
monly used and valuable tool for preoperative planning for
TKA ; however, it is not commonly used for the assessment
of the load bearing axis of the lower extremities. The me-
chanical axis angle does not refer to the load bearing axis
but to the deformities of the femur and tibia. Sailer et al.13
superimposed the femoral and tibial mechanical axes onto
radiographs of the lower extremities and measured the an-
gle using both the conventional and digital methods in 24
legs, reporting mean differences of 1.13 0.45 and
0.65 0.71 for varus and valgus deformities, respectively.
Digital long-leg radiography showed a correlation coefﬁcient
of 0.91 for inter-observer angle measurements of the axial
alignment, whereas the correlation coefﬁcient for manual
evaluation of conventional radiographs was 0.74, as errors
can occur in the manual measurement process.
The method of deﬁnition of LBA deviation shows the
center of load bearing axis of the lower extremity, HKAextremity measurements as independently obtained by three raters
A1, ﬁrst set of measurements).
Fig. 6. Correlation between two independent measurements of the
load bearing axis deviation of the lower extremity in the same
patient by the same rater (A). A1 and A2 represent the ﬁrst and
second sets of measurements, respectively.
590 Y. Iseki et al.: Assessment of the mechanical axisindicates the degree of the deformity of femoral and tibial
mechanical axis. The former method is able to identify the
exact location of the load bearing axis in the knee joint level
easily and quantitatively. Then, we can evaluate if the LBA
pass through the location of bony structure on the knee
(50%w50%). However, HKA does not indicate the load
bearing condition.
Methods of evaluating lower extremity alignment using
the load bearing axis of the lower extremity that are often
used in clinical practice involve expressing the perpendicu-
lar distance from the midpoint of the proximal tibia to the
load bearing axis of the lower extremity (weight-bearing
line) as a raw distance (Fig. 1, middle)10,22. Specogna
et al.10 measured the distance between the load bearing
axis of the lower extremity and the midpoint of the proximal
tibia. Although the mean inter-rater ICC was 0.97 and the
mean intra-rater ICC was 0.98 in that study, the disadvan-
tage of this technique was that measurements expressed
as raw distances did not take into account of individual
variations of tibial width.
The deviation of the load bearing axis (%) is calculated by
measuring the distance from the medial edge of the proxi-
mal tibia to the point where the load bearing line intersects
the proximal tibia and dividing the measurement by the
entire width of the tibia (Fig. 1 right)11. A load bearing axis
of less than 50% indicates varus alignment. However, it is
not a simple process to superimpose a load bearing axis
directly on to a radiograph of a long lower extremity, and
then evaluate and express quantitative values for the load
bearing axis accurately.
Therefore, in order to take individual differences in physique
into account, we expressed the distance from the midpoint of
the proximal tibia to the load bearing axis as a percentage of
the tibial width. Our method makes it easy to locate the maxi-
mum knee joint load of the lower extremities because a load
bearing axis deviation of 0% is at the center of the tibia. Using
this method, the inter-rater ICC ranged from 0.94 to 0.99, and
themean intra-rater ICCwas0.99, indicating ahighcorrelation
bothbetweenandwithin raters. This techniquemayhavegood
reproducibility because it is simple to carry out: only ﬁve
anatomical points need to be identiﬁed to permit the axis to
be calculated. In addition, the strength of our method is that itis performed digitally and can thus beused in concert with ﬁlm-
less imaging technologies.
The measurement of LBA may have the potential of the
application for the evaluation of pharmacological or other
conservative treatment intervention. Also, we can follow
up the LBA in a longitudinal study. It is very important to
aim the 0% of the LBA that pass through the center of the
knee post operatively in TKA. The evaluation of the devia-
tion of LBA is crucial to estimate the postoperative clinical
results in the long term follow up.
We think our method of LBA may be the optimal way to
evaluate pre/post alignment for HTO or TKA because we
can estimate the status of LBA in the knee joint level very
easily if we would hear the value (%) of LBA.
On the other hand, the applications of the load bearing
axis of the lower extremity are limited; the load bearing
axis alone is not useful for estimations of deformity correc-
tion of preoperative planning for HTO or TKA. In addition,
the load bearing axis alone is not adequate to identify sep-
arate femoral or tibial components of a deformity that need
to be considered individually for proper correction. How-
ever, we have been able to evaluate where the load bearing
axis passes through the knee joint quantitatively and easily.
The site of the load bearing axis in the knee joint is closely
associated with the clinical results of TKA and HTO. There-
fore, our measurement method provides useful information
regarding the alignment of the lower extremities in the post-
operative follow up for knee surgery.
In the future, further study is necessary to determine
whether the accuracy of the technique would be further im-
proved by automatic measurement of the anatomical points.Conclusion
A simple computer-assisted method for evaluating the
load bearing axis of the lower extremities, in which the
data are expressed as percentages, was practically as-
sessed. The measurements obtained using this method
were highly correlated with the HKA and TFA, and the in-
ter-rater reproducibility was high; therefore, the method
may be widely used for the assessment of the load bearing
axis deviation of the lower extremities in various settings,
including clinical practice.
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